iv

EXECUTIVE SUMMARY
Oak Ridge National Laboratory conducted field radiological measurements at two port locations at the request of the Environmental Protection Agency (EPA). The radiological measurements were performed on five radiation detection systems at the port of Darrow, Louisiana and three systems at the port of Charleston, South Carolina. Darrow was visited on January 20-23, 2004 and Charleston on May 25, 2004.
All tested systems are designed to detect radioactive material that might be present in scrap metals as the scrap is being unloaded from ships. All eight systems are commercially known as the Cricket and manufactured by RAD/COMM Systems. Each radiation detection system consists of a detector with two channels and a wireless transmitter, both mounted on the grapple, and a controller located in the crane cab. The cranes at both locations are operated by the Cooper T. Smith Company.
The purpose of the radiological measurements was to evaluate the performance of the radiation detection systems in terms of their ability to detect elevated radiation levels, and to develop a routine testing method for all EPA Cricket systems.
INTRODUCTION
Oak Ridge National Laboratory (ORNL) conducted field radiological measurements at two port locations at the request of the Environmental Protection Agency (EPA). The radiological measurements were performed on five radiation detection systems at the port of Darrow, Louisiana (Darrow) and three systems at the port of Charleston, South Carolina (Charleston). Darrow was visited on January 20-23, 2004 and Charleston on May 25, 2004. All tested systems are designed to detect radioactive material that might be present in scrap metals as the scrap is being unloaded from ships. All eight Cricket systems are commercially available and manufactured by RAD/COMM Systems. Each radiation detection system consists of a two-channel (A & B) detection unit and a wireless transmitter, both mounted on the grapple, and a controller located in the crane cab. The cranes at both locations are operated by Cooper T. Smith Company.
Radiological measurements were made to evaluate the performance of the radiation detection systems in terms of their ability to detect elevated radiation levels in scrap steel, and to develop a routine testing method for all the EPA Cricket systems.
Two sets of data were collected for each system. One set is used for analyzing the alarm response of the detection system in order to compare it with a description of the alarm algorithm provided by RAD/COMM. The other set is used to analyze the detectors' sensitivity across its surface area. The alarm response and sensitivity measurements at Darrow were taken using a sealed 137 Cs (1.07 µCi as of August 8, 1984 ) source provided by the EPA. The alarm response and sensitivity measurements at Charleston were obtained using thoriated welding rod sources fabricated by Cooper T. Smith (~50 µrem/hr on contact).
Data collected from both sites are listed in Appendix B. Darrow data are listed in tables B1-B10, and Charleston data are listed in tables B11-B12.
FIELD TEST LOCATIONS & CRICKET SYSTEMS
The following is a list of the Cricket systems tested at each location:
• Darrow -Five Cricket systems installed on five grapples, and controlled and monitored by one control unit (RC/5) mounted in the cabin of crane # 1. Figure 1 
ALARM RESPONSE
The Cricket system is designed to provide the crane operator with seven alarm types as illustrated by the logic flow charts in Figures A1-A7. As shown in Appendix A, four of the alarms can be triggered with the grapple tines open or closed (R1, R2, RTK, RAB). The other three alarms are triggered upon the closing of the grapple tines (DAB, DSA, DAA). In addition, each alarm type is displayed along with its level which identifies the exposure rate in mR/hr. The Cricket detection system has five different levels (LVL1: less than 0.5mR/hr, LVL2: between 0.5 mR/hr and 1.0 mR/hr, LVL3: between 1.0 mR/hr and 2.0 mR/hr, LVL4: between 2.0 mR/hr and 5.0 mR/hr, LVL5: greater than 5.0 mR/hr) [1] . According to the number of levels (5) and the alarm types (7), it can be interpreted that the Cricket can generate 35 different alarms.
During alarm response testing, only one of the seven alarms was activated for all eight systems. This alarm was indicated as LVL1 # RAB and was triggered with the grapple tines in the open or closed position. The other six alarms were never observed during the tests described in this report.
At Darrow, the alarm response was tested for all five systems using a 137 Cs source that produced alarms at an average of 400 net counts per second (cps). In an attempt to activate other alarms, 10 welding rods were used in addition to the 137 Cs source to raise the count rate up to approximately 1400 cps. The same LVL1 # RAB alarm was triggered. This was tried on one system only.
At Charleston, the alarm response was tested for all three systems using 2 welding rod sources fabricated specifically for testing the Cricket systems. The average net count rate for the LVL1 # RAB alarm was 600 cps.
The background count rate and alarm type and count rate for Darrow and Charleston are tabulated in Table 1 . In addition, the detectable limit (DL) for each location has been computed and shown in Table1. The DL is a measure of the statistical significance of the detection process at each location based on the background. A measured net count rate higher than the DL value indicates a high confidence level, typically 90% according to the way DL is computed [2] . This quantity is not related to the quality of the detection system but to the statistically random nature of radioactive decay and the measurement itself. The DL for Darrow based on the measured ambient background (62 cps) is 40 cps. The DL for Charleston based on the measured ambient background (51 cps) is 36 cps. Accordingly, the estimated sensitivity level in activity should be expressed by taking into consideration the detection efficiency as follows:
Activity level (dps) = Net Counts (cps) / E Where, E is the detection efficiency of the Cricket system, and dps is the activity in disintegration per second which can be converted to Curie (Ci) by the relation:
1 Ci = 3.7e 10 dps.
OBSERVATIONS
1. The measured ambient background at Darrow and Charleston, which is in the range of 60 cps, can be considered as the normal ambient for both locations. Background significantly higher than 60 cps can be considered abnormal and should be investigated.
2. The background for channel B associated with the Cricket system installed on Grapple B3 at Darrow was high. The background for this channel was 238 cps which is approximately four times higher than channel A of the same system as well as the four other systems.
3. The position of the RC/5 controller inside the crane cabin requires the operator to turn his attention away from operating the crane during loading/unloading scrap in order to observe the alarm display. There is also the potential of background noise masking the audible alarm which would prevent the operator from hearing the alarm.
4. Analysis of the alarm algorithm for the Cricket system shows a high degree of complexity for the intended operation as illustrated by the flow diagrams ( Figure A1 -A7). The flow diagrams were developed by ORNL from a written description of the alarm algorithms provided by RAD/COMM. The system has seven alarm types and five alarm levels associated with each alarm type. It is not clear as to why they are needed and for what purpose. During the entire testing effort only one alarm type was observed (LVL1 #RAB) at both locations. Considering the operators' interaction with the Cricket system and the need to know, these various alarms are confusing and don't add any value. The operator only needs to know if the load of scrap has an elevated radiation level. This can be presented to the operator in a simple go/no-go fashion. Interaction with the RC/5 controller requires someone who is more technically oriented.
5. Careful consideration should be given to interpreting the exposure rates indicated by the alarm levels (LVL1-LVL5). Exposure rates in R/hr are typically measured at a certain distance from the radiation source. Varying the distance between the source and the measurement point will certainly vary the exposure. Such a relationship is governed by the inverse square law:
Exposure at distance d2 = Exposure at d1
The analysis of the sensitivity data collected from both sites (Tables B1-B13) indicates that optimal measurement can be obtained at the center of each detector channel. As shown by Figure 3 , placing the radioactive source at location A2 and B2 provides the highest count rate compared to the other locations (A1, A3, B1, B3, and C). Unfortunately, readings from the center will not provide a complete indication of the detector's status. In order to detect changes in detection quality it is critical to challenge the detector by placing the source at the farthest point from the photomultiplier tube. Cracks or other degradations would be indicated by reduced count rates when tests are performed at that location. These changes may not be as apparent when testing the detector by placing the source at a location that is nearer to the photomultiplier tube (PMT).
Therefore, ORNL recommends using location A1 & B1 for routine testing of the Cricket systems. Measurement points A1 & B1 are located along the center line of each channel at 6 inches from the edge of the detector's housing farthest from the PMT as illustrated by Figure 3 . • It is recommended to place the test source at points A1 & B1 shown in Figure 3 to obtain the best results for routine testing of detectors' performance. ORNL has developed a routine test tracking web site (http://public.ornl.gov/estd/qc/) that could be used as a simple tracking method for response results. It is recommended that response tests be performed at least weekly. The range should be based on the average reading from each detector with a tolerance of ± 20%.
• Sources should be standardized for testing the Cricket systems installed at both locations (Darrow and Charleston), as well as any future applications at other EPA sites. It is recommended to use a source similar to that being used at Charleston. This would mitigate the need for special training and certification required for handling radioactive sources, maintaining survey meters, and establishing site specific QA procedures to handle and store sources.
• The high background reading for channel B for the Cricket system installed in Grapple B3 needs to be investigated to determine the cause. The background reading for channel B was 238 counts. This is four times higher than all other detectors.
• Wiring connectors from the battery box to the detector at Darrow need to be replaced with connectors similar to those used at Charleston to prevent corrosion. This will help in reducing maintenance efforts and the spare parts inventory.
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APPENDIX B TEST RESULTS FOR DARROW AND CHARLESTON
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